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Siaulation  of  the  Dropping  Hercury  Electrode 
by  Orthogonal  Collocation 


orthoqonal  collocation  techniqoea  are  used  to  aiaulate  the 

* 

solution  to  the  hydrodynaoie  partial  differential  equations 
descrlbinq  nasa  transport  to  a  dropplnq  Mercury  electrode 
(EMR).  Accurate  values  for  the  concentration  profiles  and 
current  are  obtained  with  niniMal  eonputational  effort. 
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The  weighted  residual  nuthod  ot  ortho>jonal  collocation  has 
been  used  to  generate  accurate  solutions  to  electrochestcal 
diffusion  probless  (1-11).  Itie  purpose  of  this  tuck  is  to 
deoonstrate  the  utility  of  the  sethod  by  application  directly  to 
a  differential  equation  containing  convective  terns.  The  case 
considered  here  is  the  diffusive  and  convective  transport  of  an 
electroactive  species  to  the  dropping  nercury  electrode  (OMEI. 

Xn  teres  of  radial  distance  r  froe  the  center  of  the  eercury 
drop,  the  hydrodynaeic  equation  describing  the  concentration  of 
the  electroactive  species  in  tine  is  given  (12)  by 


4t  4r^  r  4r  4r 
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tit 


where  v^  is  the  velocity  of  a  point  in  solution  toward  the 
growing  aercury  drop.  The  radius  fq  of  the  drop  grows  as 
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4mi 
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where  ■  is  the  flow  rate  and  d  the  density  of  aercury. 
Considering  only  convection,  a  point  r  in  solution  at  t>0  is 
pushed  outwards.  As  voluae  aust  be  conserved,  its  aoveaent  is 
described  by  * 


r  .  (Ulttfl 

4»I 


•2- 

Thevclocity  ot  this  point  is  thus  givuii  by 
\ 

I  (j?  ) 

V  -  .  J’-*.  r«i 

4»d 

lie  wish  to  noraalise  the  distance  coordinate  to  a  iO«l|  space 
where  0  representa  the  electrode  surface,  and  1  represents  a 
point  in  solution  where  no  ditfusional  processes  occur  during  the 
eaperiaent.  Me  denote  this  real  point  aa  N.  Its  aoveaent  is 
given  by  an  equation  analogous  to  11)  t 

H  -  *IS1 

4Bd 

where  t*  is  the  tiae  needed  to  grow  a  sphere  of  radius  N.  Ilie 
space  between  the  electrode  surface  and  N  then  is  used  in 
noraalitation. 

It  IS  seen  that  such  a  space  is  tiae  de|»endent,  i.e.  the 
space  will  diainish  in  tiae.  This  is  physically  observed  ss  the 
decrease  in  diffusion  layer  thickness  resulting  in  an  increase  in 
current  at  constant  potential,  for  our  analyete.  It  ie  desired 
to  eliainate  this  tiae  dependency  of  the  distance  coordinate. 

Ttus  is  done  by  observing  that  the  difference  in  the  cubes  of  the 
quantities  H  and  tp* is  tiae  independent* 

a*  -  r^  -  lait-  H, 

4  Id 


where  t*  is  the  tiae  it  would 
be  foraed  at  a  flow  rate  a. 


take  (oc  a  sphere  ui  radius  r*  to 


A  point  in  solution  will  aove  with  respect  to  the  growing  aercury 
diop  surtacu  a-  well.  We  can  reter  to  a  point  tised  in  the  ~ 
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N*2  * 

f  Bi.  c  xn^.n 

j.l  ‘J  J 
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wMr*  N  it  th«  order  of  the  potynoolel.  N«2  teros  ere  teken  tn 
order  to  Include  the  electrode  surface  (B>0t  end  the  point  H  In 
solution  uhere  no  diffusion  occurs  (R*!). 

We  take  es  an  esperinent  the  imposition  of  e  constant 
potential  to  the  electrod-*  surface  such  that  c*(0<T)  is  equal  to 
tero  durinq  the  qrouth  of  the  drop.  The  Biechanian  is  slmpie 
sinqle  electron  transfer.  We  refer  to  the  concentration  of  the 
substrate  only. 

We  thus  recoqnlse  that 


C*I0.T)  ■  0 
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These  differentials,  nou  referring  tr  espiicit  points  in 
slAulation  space,  reduce  the  partial  differential  equation  to  the 
followinq  set  of  N  first  order  ordinary  differential  equation  in 
N  unknowns  which  nay  be  solved  sleultsneously  for  the  c(Rj*T) 
(1.3,11) 
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TUB  SinUtATCD  CUItllBMT 
Ttie  current  Is  qlwen  by  Tick’s  first  lawt 


and 
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i  ■  nrAD( ^ ) 

where  h  la  the  area  of  the  IWE 


I3S) 


such  that 
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dc 

dR  R^ 
and 
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C*(Rj,T) 
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h  •  4tr^  I3*l 

{Substitution  of  14)  and  |)9)  Into  |3S|  and  slnpllfyinq, results, 
in  terns  of  the  dinensionless  pareweters, 

I  .  4tnPc^a’»“>''^T*/M  — ) 

4R  R-0 

The  differential  Is  Innedlately  discretlted.  considerinq  the 
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